D :Î N (x) : E ∝˛ 0| [â k exp(ikx) +â −k exp(−ikx)] N |Ψ ˛2 ∝ cos
Normalizable Formalism in Continuous-Variable Space
Defining a momentum-space biphoton amplitude
k 1 and k 2 are the transverse momenta (k x ) of the two photons.
φ(k 1 , k 2 ) must be normalizable and symmetric:
The longitudinal momentum, k z of each photon is given by
If evanescent waves are neglected, |k 1 | and |k 2 | cannot exceed 2π/λ, or equivalently
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Resolution Limit on Biphoton Amplitude
Two-Photon Absorption
Defining a spatial biphoton amplitude
The average two-photon absorption rate is given by
NOON State is Not Physical
In terms of φ(k 1 , k 2 ), the NOON state can be expressed as
The NOON state is not normalizable:
In reality, one can only approximate the NOON state with a physical state, for example:
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Approximating the NOON State
Replace delta functions with rectangle functions for simplicity:
Resolution limit:
NOON state is approached in the limit of B → 0.
Two-photon absorption of NOON State
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Trade-off Between Absorption Rate and Resolution
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Comparison with Classical Two-Photon Lithography
Quantum Lithography Has a Reduced Multiphoton Absorption Rate -p.11/13
Arbitrary N Approximate NOON state:
P (0) drops like B N as the NOON state is approached.
A classical state given by
has a peak absorption rate 2 N −1 times higher than that of the approximate NOON state.
Quantum lithography is even less feasible than classical multiphoton lithography.
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Conclusion
NOON state is unphysical.
An approximate NOON state has a reduced N -photon absorption rate.
Since classical multiphoton lithography is already infeasible, quantum lithography is even worse, especially for large N .
